Introduction
According to the World Health Organisation, approximately 28-35% of the worldwide population aged over 65 years old suffer from falls every year 1 . For elderly individuals aged 70 or older, these figures rise to 32-42% 1 . In Brazil, a study including more than 4,000 elderly individuals (over 60 years old) who lived in urban areas of 70 cities reported that 25.1% had suffered falls in the past 12 months prior to their interviews. Of these, 1.8% had fracture of femur or hip 2 . In addition, the mortality rates increased from 1.25 per 10,000 elderly in 1996 to 3.75 in 2012 3 . These figures evidence the need to develop healthcare techniques for the elderly as well as to adjust the health services and equipment to this population.
Considering that many elderly individuals live in non-adapted houses 4, 5 , falls may occur, at least in part, due to extrinsic factors such as poor illumination, slippery floor, lack of stair handrail, uneven ground, obstacles inside the house, tall mattress or bed high off the ground, and loose carpets [6] [7] . Nevertheless, the incidence of falls among the elderly is also associated with illnesses such as cerebrovascular accident, diabetes, heart disease, osteoporosis, depressive symptoms and arthritis 5, 8 . Other causes include improper footwear, use of excessively long clothes, alcohol consumption, and use of medications [9] [10] [11] [12] . Among the consequences of falls, one can cite loss of independence, loss of autonomy and poor quality of life well as institutionalisation and impairment in the performance of social and daily activities 8, 13 . A study assessing 399,681 elderly patients hospitalised due to falls between 2005 and 2010 showed that the total cost was estimated to be approximately R$ 465 million, with 59.7% of these expenses being for women 16 . Therefore, given the growing population of elderly people in Brazil and that a great portion of them benefit from the assistance provided by the national healthcare system, there is a need to carry out further studies to characterise these users of the primary healthcare services in order to guide preventive actions considering their peculiarities and demands 14 . Two Brazilian studies of elderly patients attending the national healthcare system estimated the prevalence rates of falls in the cities of Natal (Rio Grande do Norte) and João Pessoa (Paraíba), with the former reporting 25.3% among men and 74.7% among women 14 and the latter reporting 27.7% among men and 49.4% among women 15 . Therefore, the objective of the present study was to assess the prevalence of falls among elderly users of the primary healthcare services in the city of Ribeirão Preto (São Paulo), in the Southeastern Brazil, and to identify associated factors.
Methods
This is a cross-sectional study using a stratified sample of individuals aged 60 or older who lived in the city of Ribeirão Preto, State of São Paulo, and were users of primary healthcare services. The city of Ribeirão Preto has a territory of about 650 km 2 , harbouring a population estimated to be 694,000 in the year of 2018 17 . It is also estimated that 10.8 and 14.2% of elderly men and women are 60 years or older, respectively. This study was approved by the local research ethics committee of the Ribeirão Preto School of Medicine of the University of São Paulo according to protocol number 1853261. All the participants signed an informed consent form.
The city of Ribeirão Preto is divided into five healthcare districts distributed in the north, west, central, south and east regions. These healthcare districts are defined as regions with areas and populations based on geographical, economic and social aspects seen in the several basic healthcare units, as defined by the Municipal Secretary of Health. Therefore, assuming that these healthcare units serve a population with heterogeneous socio-economic characteristics, but with less variability within their coverage areas, it was considered that each healthcare district represents a stratum. In each healthcare district, there are several basic healthcare units (BHUs) and a district basic healthcare unit (DBHU), which has a head office function. In addition to providing basic healthcare to its coverage area, the DBHUs also provide emergency services as well as specialty care such as gynaecology, obstetrics and paediatrics. Assuming that people attending a DBHU for basic healthcare services are also users of primary healthcare within the coverage area of the respective district, data were collected from each the five DBHUs. In this context, we have not considered people attending a DBHU for speciality care without first attending a BHU.
The total sample size was set to 357 users for a 95% confidence interval, 5% precision level and a priori prevalence of falls of 50% (i.e. a conservative value that maximises the sample size). The number of interviews in each DBHU was defined as being proportional to the mean number of elderly individuals seen in each unit -this information was provided the Municipal Secretary of Health. Overall, it is estimated that there are 2,510 appointments for elderly people in the DBHUs per month. Two interviewers were previously trained to apply the questionnaire to the users while they waited for their appointment and/or other healthcare services provided by the DBHU. The users were chosen based on a convenience sampling approach.
Elderly male and female participants aged 60 years or older were included in the study, all living in the city of Ribeirão Preto and using primary healthcare services. In order to avoid including individuals who attend DBHUs for some treatment out of the primary healthcare model, the questionnaire included the following question: "Do you use primary healthcare services?" Participants who are bedridden, mentally or physically handi-capped, or hospitalised were not including in the study.
The questionnaire elaborated for our study included the question "Did you have any fall in the past six months?" and also addressed age (in full years), school level (illiterate, primary, secondary and higher education), marital status (single, married, divorced or widowed), smoking habit (smoker, former smoker or non-smoker) and drinking habit (yes or no). In order to identify whether the participant is fully dependent on the healthcare system, the questionnaire asked whether he or she had a health insurance plan. Each participant was also asked to rate their perception of his or her health status as being good, fair or poor.
For evaluation of the physical fitness of the elderly participants, we have used the International Physical Activity Questionnaire (IPAQ) -adapted to elderly people -to address time spent in moderate/intense physical activities regarding work, transport, housework and leisure during a usual week 19 . The level of physical activity of each participant was rated as being high, moderate or low, according to the IPAQ scoring protocol 20 . Socio-economical class was addressed according to a criterion proposed by the Brazilian Association of Research Companies (ABEP) 21 based on the respondent's years of schooling and number of household goods, in which the purchasing ability of the respondent is rated according to social classes A, B1, B2, C1, C2, D and E in decreasing order. In the present study, the social classes A, B1 and B2 were combined for data analysis because there was a low frequency of respondents in social classes A and B1. The questionnaire also addressed the presence of blood pressure, diabetes, cholesterol or high triglycerides, osteoporosis, infarction, cerebrovascular accident (CVA), labyrinthitis, cancer and heart, respiratory, vascular and rheumatic diseases using the following question: "Have you ever been told by a doctor that you have/had ..... (list of morbidities)?" Finally, an open-ended question was used to elicit physical and leisure activities the respondents were currently practicing.
Data analysis included estimation of the prevalence of falls in the past six months with their respective 95% confidence intervals (95%CI), given by the exact method and using the binom.confint function of the R package software, version 3.4.3. The association between falls in the past six months and variables of interest was measured by using the prevalence ratio (PR), estimated with their respective 95%CI based on log-binomial regression models 22 . When the 95%CI
for PR does not include 1, one has evidence of an association between the respective variable and the prevalence of falls (similar to p < 0.05). Besides the crude values of PR for each variable (i.e. no adjustments for other variables), the estimation of PR was performed to measure the association between each variable and prevalence of falls adjusted for gender, age group and socio-economic class due to potential confounding factors involving such variables. The parameters of these regression models were estimated by using expectation-maximisation (EM) algorithms together with the log-bin package developed for R software by Donoghoe & Marschner 22 . As our objective was to find a set of variables in order to classify the respondents into two groups according to the occurrence or not of falls in the six past months, we have used a decision-tree algorithm (i.e. conditional inference tree) 23 together with the partykit R package 24 for doing so. The decision-tree representation consists of decision nodes representing classification rules based on a given variable and of terminal nodes describing the results of these classifications.
Results
A total of 357 elderly individuals were interviewed, with 62.7% being women and mean age of 69.9 years old. The participation rate in our study was 82.6%. The mean ages for men and women were, respectively, 71.4 (standard deviation = 7.5, range from 60 to 92 years) and 69.9 years old (standard deviation = 6.8, range from 60 to 91 years). The prevalence of falls in the past six months was 27.7% (95%CI: 23.2-32.7), with 19.6% (95%CI: 13.2-27.3) among men and 32.6% (95%CI: 26.4-39.2) among women. Table 1 shows the prevalence rates of falls in the past six months according to demographic characteristics and health status of the elderly participants. The prevalence of falls among women was 1.7 times higher than that among men (PR = 1.7; 95%CI: 1.1-2.6) after adjustment for age group and socio-economic class. The prevalence of falls among the participants from classes D or E was approximately twice higher than that among those from classes A or B (PR = 1.8; 95%CI: 1.1-2.9). Among the elderly users having no health insurance plan, the prevalence of falls was twice higher than that of those who had it after adjustment for socio-economic class (PR = 2.0; 95%CI: 1.1-3.8). Among the participants with low level of physical activity, the prevalence of falls was 2.3 higher than that found for those with high level of physical actively (PR = 2.3; 95%CI: 1.4-3.8) after adjustment for age group, gender and socio-economic class. There were no statistically significant associations between prevalence of falls and age group, education level, marital status, smoking and alcohol consumption.
It was observed that reports of falls were more frequently seen among elderly users who had vascular diseases and osteoporosis, but this association was not significant ( Table 2 ). The gross association for self-reported gout was 1.6 (95%CI: 0.6-3.7), increasing to 2.6 after adjustment for gender, age group and the occurrence of falls was reported by all women and by 20% of the men. Nevertheless, considering that the number of reports of gout is very low (only seven cases), the inferences on the possible association between gouts and falls were very limited. Among the activities studied, only smartphone games were found to be associated with falls, even after adjustment for gender, age group and socio-economic class (PR = 0.2; 95%CI: 0.1-0.9) - Table 3 . Of those participants reporting to play games on smartphones, 6.9% had falls, whereas of those who did not play such games, 26.6% had them. Figure 1 shows the decision tree for classification of the participants into two groups, that is, those reporting falls in the past six months and those reporting no fall in the same period of time. Among the variables stud- Table 3 ied, the classification algorithm selected level of physical activity, smartphone games and sex. Decision nodes are oval representations (Figure 1 ) with their respective P-values, whereas terminal nodes are rectangles shown in the lower part of the figure in which the part with dark border corresponds to the porcentage age of participants who reported falls in that classification pathway. Among the participants with low physical activity, 44.8% reported falls (according to terminal node 2). On the other hand, among those with high or moderate physical activity and who play games on smartphones, one can observe a lower frequency of falls, that is, only 4% (according to terminal node 4). Among the participants with high to moderate physical activity but who do not play games on smartphones, the frequency of falls ranged according to gender (decision node 5), that is, 31.4% among women (terminal node 6) and 18.1% among men (terminal node 7) had falls.
Discussion
The prevalence of falls in the past six months was 27.7%, with 19.6% being men and 32.6% being women. These estimations are very close to those reported in a nationwide study by Pimentel et al. 2 , who found 18.4% among men and 30.2% among women, although the authors have considered falls in the past 12 months. In addition, an integrative literature review of 35 studies showed that the prevalence of falls among elderly people living in different cities of Brazil ranged from 10.7 to 59.3%, considering the 12-month period before the interview 25. This variation, despite the possible effect of different sampling methods and the operational definition of the variable of interest (i.e. falls), suggests that specific characteristics of each region may be related to the occurrence of falls. In any case, these figures evidence the high prevalence of falls among elderly people in Brazil and the relevance of healthcare strategies for prevention and rehabilitation.
The prevalence of falls was higher among women, a finding corroborated by other studies [10] [11] [12] [13] [14] [15] . Nevertheless, the mechanisms explaining this association are unclear. Some authors state that women have less lean body mass and less muscle force compared to men, including a greater loss of bone mass as result of the reduction in estrogen levels 5 . Falls occurring in the past six months were more frequent among the participants from lower socio-economic classes D and E (41.8%) compared to those from higher classes A and B (21.7%, p < 0.05). This association with socio-economic class was also found elsewhere 2.5 and can be explained by differences in healthcare access and nutritional aspects. One can also observe a higher prevalence of falls among elderly peo- ple who have no health insurance plan (Table 1) , which reinforces the importance of organising the actions provided by practitioners who work in primary healthcare units and family healthcare services. Prato et al. 26 suggested the following actions: to encourage the practice of physical activities for muscle strengthening, to promote continuous education on environmental risks and risk attitudes within the context of aging, and to identify individuals at risk of falls. In this sense, it is estimated that 52% of the urban population of Ribeirao Preto use only the public healthcare system, whereas 80% use it occasionally 27 . A univariate analysis has shown that the prevalence of vascular diseases and osteoporosis was associated with falls. Vascular diseases can lead to decrease in the cerebral blood flow, cognitive decline and bone mass reduction, thus making elderly individuals vulnerable. As a whole, these factors can contribute to a higher risk of falls. However, the respective estimates adjusted for gender, age group and socio-economic status do not confirm such associations. In addition, the fact that these morbidities were self-reported and that the hypothesis may not have been adequately tested due to the sample size are limitations to be considered.
In Table 1 , one can observe that 19.4% of the participants performing high physical activity suffered falls in the last six months, whereas 44.8% of those having low physical activity had falls. It is known that loss of muscle strength results in impairment to activities requiring moderate effort, thus causing the elderly to be more dependent and favouring falls 28 . In addition, physical activity improves postural stability and gait of elderly individuals, which can reduce the chance of falls 28 . Among the participants having high to moderate levels of physical activities, smartphone games would have some significant association with absence of falls (Figure 1 ). Among the 25 participants with these characteristics, only 4% reported falls in the past six months (Figure 1 ). This result does not suggest that games have some preventive effect on falls, but Wilmer et al. 29 demonstrated that smartphones are associated with an increase in the cognition of elderly people when used judiciously. In this way, according to our data analysis, the effect of smartphone games is likely due to some cognitive skill elderly individuals have, which in turn is related to a reduction in the chance of falls.
Among the limitations of the present study, one can cite its cross-sectional nature, which impedes causal inferences. The results may be subject to memory bias as the participants were asked to report events of falls in the past six months before the interviews. Other important bias may be the fact that we have used prevalent cases, which excludes deaths resulting from falls as well as cases resulting in hospitalisation or impeding participation in the study. A higher number of women were interviewed (62.7%) in our study, which is due to the longer longevity of women and to the less search for primary healthcare by men 30 . The convenience sampling approach to recruit elderly people in the waiting rooms can also bring biases to our results. Moreover, the instrument used for data collection did not include important information, such as number of falls, site of falls and possible occurrence of fracture as a result of the fall. Nevertheless, our results reinforce the important role played by interdisciplinary healthcare teams who work in the primary healthcare units in the prevention of fall among the elderly population.
In conclusion, the present study has shown evidence that falls are frequent among the participants and the regular practice of physical activity can improve their health conditions, thus reducing the occurrence of falls.
